Warthin Starry staining revealed filamentous bacteria colonizing the tracheal epithelium of 41 of 88 (46.6%) pigs submitted for necropsy at 2 midwestem veterinary diagnostic laboratories. The bacteria were interspersed between and oriented parallel to the cilia. In 4 of 4 colonized pig tracheas, filamentous bacteria were demonstrated by transmission electron microscopy. The bacteria were approximately the same length and diameter as cilia, and in areas of heavy colonization the bacteria outnumbered cilia. The filamentous bacteria were similar in location and morphologic characteristics to cilia-associated respiratory (CAR) bacilli of rats, mice, rabbits, and cattle. Results of immunoperoxidase staining and polymerase chain reaction analysis indicated that the pig CAR bacillus is a different bacterium than the rat CAR bacillus. Rat CAR bacillus causes chronic respiratory disease in rats and mice. The association, if any, between pig CAR bacillus and swine respiratory disease is unknown.
Cilia-associated respiratory (CAR) bacillus is a descriptive term for unclassified, gram-negative, filamentous bacteria that colonize the respiratory epithelium of laboratory and wild rats, mice, rabbits, and cattle. 1, [5] [6] [7] [8] [9] 15, 16 The bacteria are approximately the same length and diameter as cilia and lie amongst and parallel to cilia. Natural infections in rats and mice are associated with chronic respiratory disease. 1, 5, 6, 9, 15 Experimentally infected rats free of known respiratory pathogens develop clinical signs and lesions similar to those caused by Mycoplasma pulmonis. 5, 11 Infection of laboratory rabbits is very common, but clinical signs of respiratory disease are usually absent and histologic lesions are minimal. 8, 16 In the only report of CAR bacillus infection of cattle, the organisms were found colonizing tracheas collected at slaughter. 7 A correlation between the presence of CAR bacillus and respiratory disease in cattle was not possible; however, there was and isolation in embryonated eggs. 5, 15 In vitro cultivation of CAR bacillus from rats and rabbits has been achieved using embryonated eggs, cell. culture, and cell culture medium supplemented with fetal bovine serum 2,5,14 Growth on solid medium has not been reported. CAR bacillus organisms are difficult to discern in routine hematoxylin and eosin (HE)-stained tissue sections, but they are visualized easily with silver staining techniques such as the Warthin Starry (WS) method. 1, [5] [6] [7] [8] [9] 15 For this reason, most infections are diagnosed by detecting filamentous argentophilic bacteria colonizing the respiratory epithelium.
Because CAR bacilli colonize the respiratory tracts of a wide range of animals, this study was undertaken to determine if CAR bacillus infection occurs in domestic pigs.
Materials and methods an inverse relationship between the number of CAR bacillus and the number of cilia, indicating that infec-
Case selection and pathologic examinations. The anterior tion may be associated with cilia loss. to contain CAR bacillus-like bacteria and sections of trachea and lung from a CAR bacillus-infected rat were mounted on glass slides. After deparaffinization and rehydration to distilled water, endogenous peroxidase activity was blocked by covering the tissues for 3 min with 3% hydrogen peroxide. The tissues were rinsed briefly with Tris-buffered saline (TBS) (1 part Tris buffer [pH 7.6] plus 9 parts 0.85% NaCl), and the slides were submerged for 20 min in TBS-EDTA-Tween 20 buffer (TBS with 1 mM ethylenediaminetetraacetic acid tetrasodium salt dihydrate [EDTA] and 0.05% Tween 20) to help unmask antigens altered by formalin fixation. 13 Tissues were then covered for 20 min with 4% bovine serum albumin (BSA) to inhibit nonspecific binding of the primary antibody. After removing the excess BSA, the primary antibody was applied for 1 hr. The remainder of the procedure was performed using a commercial immunoperoxidase kit according to the manufacturer's directions. a The substrate, diaminobenzidine, was allowed to react with the tissues for 7 min. After washing for 5 min in running tap water, the slides were counterstained with hematoxylin and coverslips were applied. The primary antibody, serum from a guinea pig immunized against rat CAR bacillus, 2 was applied at dilutions ranging from 1:50 to 1:1,600. Identical slides were processed simultaneously using serum from a nonimmunized guinea pig (negative control serum) diluted 1:100. All incubations were at room temperature.
Polymerase chain reaction (PCR) amplification. Parafiinembedded tissues from 3 pig tracheas that were positive by light microscopy for CAR bacillus-like organisms were sectioned and processed for PCR amplification as previously described. 3 Tissues were amplified with 2 different sets of primers: set 1 consisted of oligonucleotide primers specific for a rat isolate of CAR bacillus; set 2 consisted of oligo-nucleotide primers that hybridize with a broad range of bacteria (positive control). Reactions were run also with a notemplate DNA control.
Results
Postmortem autolysis resulting in the loss of the mucosal epithelium rendered 2 tracheas unsuitable for evaluation. Of the remaining 88 pig tracheas, 41 (46.6%) were colonized by argentophilic filamentous bacteria that were interspersed between and oriented parallel to the cilia (Fig. 1) . In all affected tracheas, bacterial colonization was multifocal rather than diffuse. In HEstained sections, the bacteria were lightly basophilic and faintly visible in areas of heavy bacterial colonization. Bacteria could not be seen where sparsely concentrated. In WS-stained sections, the black bacteria contrasted sharply with the yellow cilia and were visualized easily, even in areas where they were sparse.
Tracheitis was a constant histologic feature in colonized tracheas. The histologic lesions varied among pigs and consisted of 1 or more of the following: multifocal loss of cilia, squamous metaplasia of the epithelium, epithelial hyperplasia, migration of neutrophils through the tracheal epithelium, and infiltration of the subepithelial tissue by lymphocytes, plasma cells, and macrophages. However, the same lesions also were present in tracheas in which the filamentous bacteria were not detected, even in pigs without clinical histories or other pathologic changes associated with respiratory disease. The histologic lesions varied in severity among individual pigs, but no differences were detected between the infected and noninfected groups.
Transmission electron microscopy revealed long thin bacteria, 0.2-0.3 µm by 3.0-5.0 µm, adhering to the tracheal epithelium of each of the 4 pigs. The bacteria were similar in size and shape to the cilia and were oriented parallel to them (Fig. 2) . They had a central fibrillar nuclear region bounded by a layer of electrondense material and a triple-layered cell wall (Fig. 3) . A slight constriction occurred at the end adjacent to the epithelial cells, giving that end of the bacterial cell a knob-like appearance. Bacteria were not attached directly to the apical cell membrane, and a gap separated the two structures. At high magnification, thin filaments could be seen between the epithelial cell surface and the bacteria. In areas of dense bacterial concentration, cilia were sparse and outnumbered by bacteria.
Immunoperoxidase staining of bacteria lining the ciliated bronchial and tracheal epithelium from the CAR bacillus-infected rat was distinct using the antirat CAR bacillus guinea pig serum at a dilution of 1:1,600. Staining was not present when serum from a nonimmunized guinea pig was used as a primary antibody. At all dilutions of the guinea pig anti-rat CAR bacillus serum, there was a lack of immunoperoxidase staining in tracheas from the 4 pigs infected by CAR bacillus-like bacteria. No PCR amplification products were detected using rat CAR bacillus-specific primers; however, the expected 400-base-pair product was amplified when broad range primers were used, confirming that bacteria were present in the pig tracheas (data not shown).
Discussion
This study demonstrates that colonization of tracheal epithelium by filamentous bacteria is common in midwestern pigs. Bacterial location and morphologic characteristics revealed by both light and electron microscopy are indistinguishable from those of CAR bacillus. 1,5-10 However, the lack of immunoperoxidase staining of bacteria in pig tissues using antiserum to rat CAR bacillus indicates that the 2 bacteria are antigenically different. The CAR bacillus PCR technique reliably amplifies CAR bacillus DNA in formalin-fixed, paraffin-embedded rat tissues. 3 The lack of amplification from pig tracheas with bacterial colonization is further evidence that rat and pig CAR bacillus are distinct bacteria, just as recent work has shown that rat and rabbit isolates of CAR bacillus belong to different genera. 2-4, 14 Rat isolates colonize rats and mice but not rabbits or guinea pigs, and rabbit isolates colonize other rabbits but not rats or mice. 2,12 Large segments of the 16S ribosomal RNA gene of rat and rabbit CAR bacillus isolates have been sequenced and compared with the GenBank database. 2,4,14 The highest degrees of similarity of the rat CAR bacillus sequences were with Flavobacterium ferruginum (77%), Flexibacter polymorphus (73%), Microscilla furvescens (73%), and Cytophaga fermentans (72.9%). 3, 14 The rabbit CAR bacillus sequences displayed the highest degrees of similarity with Heliocobacter sp. strain Seymour (9 1.1%) and H. felis (90.8%). 4 Also, the primers used in the CAR bacillus PCR are specific for rat CAR bacillus isolates and do not amplify DNA from rabbit CAR bacillus isolates. 3 Pig and rat CAR bacillus appear to be different bacteria. Bovine and porcine bacteria perhaps are also different; antiserum to rat CAR bacillus will immunologically label CAR bacillus-like bacteria from cattle tracheas. 7 The relationship, if any, between pig and rabbit CAR bacillus is unknown.
All pigs, regardless of the presence of CAR bacilluslike organisms, had histologic lesions of tracheitis. Respiratory pathogens that could have caused the histologic lesions were identified in the pigs with pneumonia (data not shown). Therefore, the role, if any, of CAR bacillus-like bacteria in the pathogenesis of tracheitis could not be ascertained. In rats, intranasally inoculated CAR bacillus progressively colonizes the epithelial lining of the respiratory tract and causes clinical signs of chronic respiratory disease. 5, 11 Tracheitis and bronchitis with progressive infiltration and hyperplasia of lymphocytes have been demonstrated histologically in the subepithelial tissues. 5, 11 Histologic lesions closely resemble the "cuffing" pneumonia caused by Mycoplasma pulmonis. In areas of dense colonization by CAR bacillus, some cilia are lost from the tracheal epithelium of rats 10 and cattle. 7 In this study, few cilia were observed in areas heavily colonized by CAR bacillus-like bacteria. It is tempting to speculate that colonization by CAR bacillus-like bacteria leads to cilia loss and chronic inflammation in affected pigs. However, no detectable differences in histologic lesions occurred between infected and noninfected pigs and tracheitis was found in pigs free of both CAR bacillus and respiratory tract disease. It appears that tracheitis is very common in commercial pigs, and the pig CAR bacillus may not be a primary respiratory pathogen. If the organism does cause chronic inflammation and cilia loss, it may predispose pigs to pneumonia caused by other agents, such as Pasteurella multocida. Alternatively, pig CAR bacillus colonization may be unrelated to or may occur secondary to cilia loss from other causes. A situation may exist in pigs similar to that in rabbits, where clinical signs and pathologic changes are minimal in CAR bacillus-infected animals, 8, 16 Isolation and propagation of the pig CAR bacillus in vitro followed by experimental infection of pigs free of CAR bacillus and other respiratory pathogens will be required to determine its pathogenicity. CAR bacillus has been cultivated from rats and rabbits, but neither organism has been grown on solid medium. Propagation has been successful only in embryonated chicken eggs, cell culture, and cell culture medium supplemented with fetal bovine serum. 2, 5, 14 The organisms grow slowly, and these culture systems are very prone to overgrowth by contaminating bacteria. We have attempted isolation from tracheas of pigs submitted for necropsy and from tracheas of pigs at an abattoir. Overgrowth by contaminating bacteria has been a significant problem, but we have isolated a bacterium that is morphologically and culturally compatible with CAR bacillus of rats and rabbits (unpublished data). Additional studies are required to ascertain with certainty that this isolate is free of contamination by other slow growing agents, particularly Mycoplasma spp., and that it is capable of colonizing the respiratory epithelium of pigs.
